Abstract. Aquatherapy is used for rehabilitation and exercise; water provides a challenging, yet safe exercise environment for many special populations. We have reviewed the use of aquatherapy programs in four neurodegenerative disorders: Parkinson's disease, multiple sclerosis, amyotrophic lateral sclerosis, and Huntington's disease. Results support the use of aquatherapy in Parkinson's disease and multiple sclerosis, however further evidence is required to make specific recommendations in all of the aforementioned disorders.
INTRODUCTION
Aquatherapy -also known as aquatic therapy, hydrotherapy, or pool exercise -is used in many exercise programs and with a variety of populations. Several types of water-based therapy have been used for the purpose of rehabilitation and treatment of chronic illness since the early 1900s [1] . Water acts as a unique medium allowing for weight-bearing exercise without stressing the joints, movement and stability drills without the fear of falling, and multi-directional resistance training without the need for free weights or bands. Aquatherapy, for general rehabilitation purposes and special populations, is commonly performed in a warm (above 30 • C), shallow (chest-deep) pool and may involve a variety of exercise modalities including aerobic, stretching/range of motion (ROM), resistance, and stability training [2] . Aquatherapy generally includes a warm-up, an exercise base (including both aerobic and resistance type exercises), and a cooldown. Exercises are tailored to an individual's ability, however kicking and walking drills are commonly used for aerobic and movement pattern training, while resistive movements (anything involving pushing, pulling, or bending) against water are used for strength training of the limbs and postural muscles.
The benefit of performing weight-bearing exercise without stressing the joints has been utilized in waterbased programs for special populations including the frail elderly and those with osteoarthritis (OA) [2] [3] [4] [5] . Aquatherapy has been shown to reduce pain and improve function in those with lower limb osteoarthritis in short-term studies [2] . A pool therapy program offers special populations the opportunity to complete movement tasks in the water that are no longer feasible on land [2] .
In the frail elderly, weekly aquatherapy has shown improvements in health-related quality of life (HRQL) and mobility-related activities of daily living (ADL) [3, 4] . Although exercise boasts benefits for both one's physical and mental health, the fear of falling is a real barrier to participation in exercise programs, especially for populations at risk. Through exercising in water, this risk was reduced or alleviated in the frail elderly [3, 4] . This benefit would extend into many neurological conditions, because falling, as a result of movement disturbance or postural instability is a real fear in these populations [3] .
The natural resistance water provides can be utilized in multi-directional strengthening exercises. Waterbased exercise programs used for stroke rehabilitation have shown more strength gains compared to landbased exercise programs, however these results have not been shown in all populations [6, 7] . The natural environment of a pool, allowing for enough resistance to promote strengthening, while simultaneously helping to prevent injury through controlling movement direction and velocity, may be beneficial for patients with neurodegenerative conditions.
THE USE OF EXERCISE THERAPY IN NEURODEGENERATIVE DISORDERS
Huntington's disease (HD) is a predominantly adult-onset neurodegenerative disease with autosomal dominant inheritance, manifested symptomatically by progressive motor dysfunction, cognitive impairment and psychiatric changes [8] [9] [10] . The motor dysfunction in HD consists of both disordered and poorly coordinated voluntary motor function, and involuntary movements [11] . Chorea is the predominant involuntary movement, although tics and dystonia can also be present [10, 11] . Generally, physiotherapy guidelines have focussed on exercise therapy to maintain, correct, and coordinate voluntary movements for as long as possible in those with HD [10] . The literature suggests that exercise therapy may benefit voluntary gross motor movements, such as walking; it is suggested that physiotherapy is beneficial for those with HD to train and maintain the ability to perform ADLs [10] . It has also been suggested that aquatherapy may reduce chorea during and for a time following the exercise session [12] . Recent studies in mouse models of HD support the use of exercise therapy in HD. One study demonstrated that mice exposed to exercise (wheel running) at a young age had delayed motor-impairment, compared to mice not exposed to exercise [13] . Another study found that exercise slowed cognitive decline in an HD mouse model [14] .
Exercise therapy in Parkinson's disease (PD) has primarily targeted slowing of motor progression. Exercise programs improve motor symptoms (such as bradykinesia and tremor) in PD [15, 16] . Studies in Multiple sclerosis (MS) have shown exercise to be effective at improving physical health, in particular muscular strength and walking gait, as well as emotional health, in particular by fatigue reduction [17, 18] . Studies in amyotrophic lateral sclerosis (ALS) have been conducted looking at the effects of exercise on the progressive focal muscle weakness of ALS; they have showed positive results especially when stretching, strengthening, and aerobic exercises have been used [19] . Stretching has been shown to prevent contractures for longer, strengthening has been shown to improve function and quality of life, and aerobic exercise seems to be safe at both early and late stage disease and may improve respiratory function [19] .
AQUATHERAPY IN NEURODEGENERATIVE DISEASE
A systematic survey of the literature identified 31 studies that assessed the use of aquatherapy/hydrotherapy as treatment in one of four neurological conditions: HD, PD, MS, and ALS (Tables 1 and 2 ) . Two randomized clinical trials (RCTs) explored the use of aquatherapy in PD [22, 23] . Comparison of land-based versus water-based exercise programs was performed by Vivas et al. [22] and data regarding postural stability and self-movement were collected through five functional assessments: the Functional Reach Test, the Berg Balance Scale, the UPDRS (Unified Parkinson's Disease Rating Scale), the 5-meter walk test, and the Timed Up and Go test. Both interventions significantly improved performance on the Functional Reach Test, but only the aquatic therapy intervention significantly improved performance on the Berg Balance Scale and the UPDRS. Ayan and Cancela [23] studied the efficacy of water exercise programs of different intensities. The low-intensity program consisted of warm-up, balance, dynamic, and cool-down exercises, while the muscular resistance program consisted of warm-up, muscular resistance, and cool-down exercises. They found improvements in quality of life (QOL) in both groups, but significant improvement in functional mobility and Parkinsonian motor symptoms in the muscular resistance group only. Giladi discussed the use of an underwater treadmill, to help train gait patterns in an expert review paper [24] . Crizzle and Newhouse used a focus group to discuss motivators for exercise adherence in PD with aquatherapy program participants and their caregivers [25] . Results showed that exercise program leaders were important in encouraging participation; their Table 1 indicates an RCT. Quantitative articles were ranked by study type: (I) systematic review, meta-analyses of randomized controlled trials; (II) randomized controlled studies; (III) nonrandomized intervention studies; (IV) observational studies; (V) nonexperimental studies; and (VI) expert opinion [20] . Qualitative articles were ranked on a four-level system according to their level of good evidence-for-practice: (1) generalizable studies; (2) conceptual studies; (3) descriptive studies; (4) single case study [21] .
reassurance and support was the strongest motivator to participants.
Aquatherapy has been especially beneficial in patients with MS due to the reduction in the risk of falls in water [26] . Four RCTs examined the use of aquatherapy in MS. Mori et al., examined the effect of exercise therapy combined with transcranial magnetic stimulation (TMS) on motor disability in MS, and showed that exercise therapy plus TMS showed greater and more consistent improvements over TMS Table 2 Outcomes measured in included studies Dark grey background indicates improvement from an aquatherapy intervention in measured variables, light gray background indicates observed or self-reported improvement where measured variables are not available.
alone [27] . Castro-Sanchez et al., assessed the use of hydrotherapy for pain in MS [28] , and found that the hydrotherapy resulted in significant improvements in pain intensity, spasm, fatigue, disability, and autonomy. Kargarfard et al. used an aquatherapy program to evaluate fatigue and health-related quality of life in MS [29] . Results showed improvements in the exercise group but no change in a control group. Bansi et al. used land versus water cycling as an intervention in MS and compared serum markers between groups [30] . The authors found increased serum brain-derived neurotrophic factor levels in the water-cycling group, while no change was seen in the land group.
Two observational studies followed participants with MS through aquatherapy programs and found the interventions to be feasible, safe, and associated with significant improvements on various motor scales [31, 32] . A third observational study examined the impact of aquatherapy on gait in MS, however none of the specific parameters analyzed showed significant improvements [33] . Multiple reviews have looked at aquatherapy use in MS, and have suggested that aquatherapy may be beneficial for symptomatic treatment of MS, especially due to its positive effects on spasticity [34] [35] [36] [37] . There is limited support (in the form of small case studies) for the use of aquatherapy to improve fitness variables such as walking endurance, upper extremity strength, or muscular endurance, however these variables need to be assessed quantitatively in randomized groups before conclusions can be drawn [36, 37] . Expert opinion papers suggest the use of aquatherapy as treatment for spasticity, arguing that therapy may decrease spasticity and the need for medication use [38, 39] . A single case report suggests that warm water exercise may be used to "promote muscular relaxation, decrease pain and increase range of motion" in MS [40, p. 1051] .
Three retrospective survey studies assessed different aspects of aquatherapy in MS [41, 43] . Motor function appeared to improve, and all participants either maintained or improved strength in these programs and reported that these programs were enjoyable [41, 43] . Multiple surveys have been conducted to better understand what proportions of the MS population seek complementary medical therapy, and find that only a small percentage (1.5%) use hydrotherapy [44] [45] [46] . Lewis [47] and O'Connell [48] both describe aquatherapy programs and their potential benefits in MS, however discrete variables are not discussed. Veenstra et al. found that healthy adults and people living with MS participate in water exercise programs for similar reasons, and that adults with MS who participated in aquatherapy had greater life satisfaction than those with MS who did not participate in aquatherapy [49] .
In a review document by the European Federation of Neurological Societies task force, Andersen et al., suggest hydrotherapy for symptomatic management of cramps and spasticity in ALS [50] . There are no controlled studies in ALS and this recommendation is supported by an expert opinion paper and a single case report [51, 52] .
For HD, one study described a once-weekly aquatherapy program for a 50 year-old male who was in the later stages of disease. Gentle exercises in warm water were suggested to be beneficial due to the observed reduction in choreic movements during and for a time following the aquatherapy sessions, however specific outcomes were not measured [18] .
SUMMARY AND CONCLUSIONS
The current evidence to support the use of aquatherapy in HD, PD, MS, and ALS is inconclusive when generalized across these four disorders, however there is some experimental evidence supporting the use of aquatherapy in PD and in MS. Studies of aquatherapy in PD and MS include RCTs and larger trials, which provide stronger evidence supporting a benefit for exercise therapy in these conditions. Studies in PD comparing land-based to water-based exercise programs demonstrated better results for water-based programs [23, 24] . Large studies in MS showed evidence for benefit of aquatherapy on pain, fatigue and HRQOL [27] [28] [29] [30] . Subject characteristics (such as age, gender, and stage of disease) were well described, therefore these trials could be replicated. The literature would benefit from replication of these studies to determine if implementation of aquatherapy programs in populations with PD or MS is warranted. Studies in HD [18] and ALS [50] [51] [52] were too few and of too poor methodological rigor to draw any clear conclusions for or against the use of aquatherapy in these populations. No RCTs have been reported in either population, only reviews and case reports exist describing any sort of aquatherapy intervention. Additionally, the populations and methods of these studies were not described specifically enough to be replicable in future research. There is a need for larger and more robust experimental studies regarding the use of aquatherapy in populations of HD and ALS.
A shortcoming of this field of study is the wide variety of assessment tools used in different studies. We recommend standardized methods of measurement be developed and used so that results are comparable between studies. Valid and reliable measurement tools include standardized QOL scales, the Unified Parkinson's Disease Rating Scale (UPDRS) for PD, the Unified Huntington's Disease Rating Scale (UHDRS) for HD, etcetera. These scales assess multiple disease domains such as, motor function, cognitive ability, functional ability, and behavior, and their use would help standardize the clinical impact of aquatherapy on disease progression in these disorders.
Aquatherapy is safe and feasible in PD and MS, and has been shown to help pain and spasticity in some RCTs, but it should be evaluated more rigorously for efficacy in these diseases, as well as in HD and ALS. Large well-controlled trials of aquatherapy in HD and other neurodegenerative diseases need to be conducted to provide a basis for evidence-based clinical practice.
